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Abstract
Background: Several birth characteristics are associated with high mortality risk: very young or old mothers, short
birth intervals and high birth order. One justification for family planning programs is the health benefits associated
with better spacing and timing of births. This study examines the extent to which the prevalence of these risk
factors changes as a country transitions from high to low fertility.
Methods: We use data from 194 national surveys to examine both cross section and within-country variation in
these risk factors as they relate to the total fertility rate.
Results: Declines in the total fertility rate are associated with large declines in the proportion of high order births,
those to mothers over the age of 34 and those with multiple risk factors; as well as to increasing proportions of
first order births. There is little change in the proportion of births with short birth intervals except in sub-Saharan
Africa. The use of family planning is strongly associated with fertility declines.
Conclusions: The proportion of second and higher order births with demographic risk factors declines substantially as
fertility declines. This creates a potential for reducing child mortality rates. Some of the reduction comes from
modifying the birth interval distribution or by bringing maternal age at the time of birth into the ‘safe’ range of 18-35
years, and some comes from the actual elimination of births that would have a high mortality risk (high parity births).
Introduction
A key point in advocacy for family planning is ‘family
planning saves lives’. It is clear that increasing rates of
family planning use lead to reductions in fertility and the
number of births. The reduction in the number of births
leads to fewer maternal deaths, since women are exposed
less often to the risks of child bearing. The number of
child deaths will also decline because of a smaller num-
ber of children exposed to the risk of mortality. Also it
has long been recognized that changes in the demo-
graphic characteristics of births are associated with
changes in child mortality rates [1]. The characteristics
most closely associated with child mortality rates are: the
age of the mother at the time of birth, the birth interval
and the birth order. Data from national household sur-
veys show that child mortality rates are elevated when
the age of the mother at the time of the birth is less than
18 or greater than 34, when the interval between one
birth and the next is less than 24 months (Figure 1) and
when the birth order is greater than 3. These four condi-
tions define births that have a high demographic risk.
Previous research has shown that the proportion of high
risk births is inversely related to contraceptive prevalence
and that the proportion of high risk births is directly
related to maternal and child mortality rates [2-5].
Research is ongoing to better understand the causal
pathways that lead to this association between contracep-
tive prevalence and mortality rates. There could be a
direct causal relationship arising from maternal depletion
or competition among children for resources. Or there
could be a relative weak effect mixed with an association
that arises because both the proportion of births that are
high risk and child mortality rates are related to other
factors, such as poverty, access to services or individual
characteristics. Other papers in this Supplement explore
these topics. This paper focuses on one aspect of this
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question, the relationship between rising contraceptive
use and the proportion of births that are high risk. In
other words, as countries transition from very low levels
of contraceptive use and high fertility to high levels of
contraceptive use and low fertility, how much change do
we expect to see in the proportion of births with short
birth intervals or high birth order or to mothers who are
very young or old?
Methods and data
We use both cross section comparisons and time series
comparisons to examine the relationships between contra-
ceptive prevalence and the distribution of births by risk
factor. Although we are ultimately interested in the rela-
tionship between contraceptive use and high risk births,
contraception is only one factor that affects fertility beha-
vior. The total fertility rate (TFR) is also determined by
the proportion of women 15-49 who are in union, the
duration of postpartum insusceptibility, sterility and abor-
tion [6,7]. Therefore, we first examine the relationship
between the total fertility rate and the distribution of
births and then examine the factors that affect the total
fertility rate.
Data on the distribution of births by risk factor are
available from household surveys conducted by the
Demographic and Health Survey (DHS) Project since the
1980s. For this analysis we use data from 194 surveys for
80 countries. The indicators used include the following:
• TFR, total fertility rate, for the three years preceding
the survey
• CPR, contraceptive prevalence, percentage of cur-
rently married women currently using any form of con-
traception including traditional methods, and by method
used
• Marriage, percentage of women 15-49 currently
married or living together
• PPI, median duration (in months) of postpartum insus-
ceptibility following births in the three years preceding the
survey. Postpartum insusceptibility is the period after a
birth when a woman is not exposed to the risk of preg-
nancy because of postpartum abstinence or postpartum
amenorrhea.
• Birth distribution, the percentage of children born in
the five years preceding the survey by risk factor
○ Not in any high risk category.
○ First birth to mothers 18-34 years of age.
○ Mother’s age < 18 years.
○ Mother’s age > 34 years.
○ Birth interval < 24 months.
○ Birth order > 3.
○ In any avoidable high risk category.
It would be ideal if we had data from a large number of
countries showing the change in the distribution of births
by risk factor as fertility declines from high levels to low
levels. Unfortunately, the most complete source of infor-
mation on this topic, the Demographic and Health Sur-
veys, did not start early enough to capture the entire
fertility transition for countries that currently have low
fertility. Using cross sectional data we can explore the
entire range from TFR of 7 down to 2, but the results can
be affected by regional differences in fertility as well as
trends within countries. We partially address this issue
by including multiple surveys from the same country in
the cross national data set. We also present data on
changes in TFR and changes in the distribution of births
within countries to reinforce the conclusions from the
cross section analysis.
Results
High risk births and TFR
Cross sectional analysis
Across all 194 surveys, there is considerable variation in
the distribution of births by risk factor as shown in
Table 1.
Figure 1 Infant mortality and age of mother (a) and birth interval (b) for developing countries. (Source: Family Planning Can Reduce High Infant
Mortality Rates, Guttmacher Institute, April 2002, Issue Brief)
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The distribution of births varies by level of TFR.
Figure 2 shows the average percentage of births by risk
factor for all the surveys with TFR in the corresponding
category. At the highest levels of TFR (6+) 25%-35%
have either no risk factors or are first births (considered
unavoidable) and about 25% have more than one risk
factor. At the lowest levels of TFR over 58% of births
are first births or have no risk factor and less than 12%
have multiple risk factors. The most striking changes
are the increase in first births (from 9% at TFR 7+ to
40% at TFR <2) and the decrease in high order births
(from 30% at TFR 7+ to 4% at TFR < 2).
Figure 3 shows the distribution of births among the
single avoidable risk factors (not including first births
Table 1 Distribution of births by risk factor across 194 national household surveys
Risk Factor Mean Median Range
Not in any risk category 25% 25% 9-43%
First birth to mothers age 18-34 19% 17% 8-52%
Mother’s age < 18 6% 6% 0.5-17%
Mother’s age > 34 1% 1% 0.1-6%
Birth interval < 24 8% 7% 3-19%
Birth order > 3 20% 21% 1-33%
Mother’s age <18 and birth interval < 24 months 0.6% 0.5% 0-2.2%
Mother’s age > 34 and birth interval < 24 months 0.1% 0.1% 0-0.6%
Mother’s age > 34 and birth order > 3 10% 10% 1-18%
Mother’s age > 34 and birth interval < 24 months and birth order > 3 2% 2% 0-6.5%
Birth interval < 24 months and birth order > 3 7% 6% 1-20%
Figure 2 Distribution of Births by Risk Factor and TFR
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which cannot be avoided). (In this chart a single birth can
be in more than one category if it has multiple risk fac-
tors.) At high levels of TFR the major risk factor is high
birth order, accounting for more than half of all births.
At low levels of TFR no single risk factor accounts for
more than 10% of births. At most TFR levels high birth
order dominates.
Figures 2 and 3 combine cross section and time series
data. Some countries are represented by as many as 6
surveys while others contribute only one. As a result the
relationships shown are affected by the fact that data for
the highest fertility categories are primarily from coun-
tries in sub-Saharan Africa while data for the lowest fer-
tility levels are primarily from Asia and Latin America.
However, for countries with many surveys covering a
wide span of TFRs similar patterns appear. Figure 4
shows the distribution of births by risk category for
Egypt across six surveys as TFR fell from 4.5 to 3.0. It
shows a strong rise in the proportion of births with no
risk and first order births as TFR falls, and a decreasing
proportion of births with high birth order.
Figure 5 shows cross plots for the four individual risk
factors shown in Table 1 versus TFR. The correlation
with TFR is highest for the percentage of births with
high birth order (R2 = 0.87) which varies from over 50%
at high levels of TFR to under 10% at low levels. The
correlation with TFR for mothers’ age is weaker; the
percentage of births occurring to mothers over age 34
varies from nearly 20% at high levels of TFR to 5% at
low levels of TFR. The association is much weaker for
birth interval and mother’s age below 18. The associa-
tion with TFR is generally strong for categories with
multiple risk factors and more than 1 percent of all
births: 0.76 with mother’s age over 34 and birth order
greater than 3; 0.56 for birth interval less than 24 months
and birth order greater than 3; and 0.61 for mother’s age
greater than 34, birth interval less than 24 months and
birth order greater than 3.
The relationship between CPR and risky births is simi-
lar to that with TFR but weaker. The correlation with
high order births is 0.68 versus 0.87 with TFR; for
mother’s age over 34 it is 0.28 compared to 0.37 with TFR.
Figure 3 Distribution of Births by Single Avoidable Risk Factor versus TFR
Stover and Ross BMC Public Health 2013, 13(Suppl 3):S4
http://www.biomedcentral.com/1471-2458/13/S3/S4
Page 4 of 9
The correlations between CPR and birth interval and
young age at birth are similarly low, 0.05 and 0.06.
These cross section comparisons with TFR might be
misleading since the surveys with the lowest levels of
TFR are all from countries in Eastern Europe, Asia and
South America while those with the highest levels of
TFR are mostly from Sub-Saharan Africa. For Sub-
Saharan Africa alone, the correlation with high order
births remains strong at 0.73 compared to 0.87 for all
surveys. Notably, the correlation with birth interval
increases to 0.45 for Sub-Saharan Africa compared to
just 0.05 for all countries. For mother’s age the correla-
tions are only 0.01 for age less than 18 and 0.001 for
age greater than 34.
Within country analysis
The above cross section comparisons combine differ-
ences between countries with differences between sur-
veys for the same country. Since most of the countries
in this data set have more than one survey we can also
compare changes in the distribution of births with
changes in TFR. Figure 6 on the left shows the changes
in the percentage of births with high birth order with
changes in TFR for all countries with multiple surveys
(each line shows the movement of the two measures
through time across surveys in the same country). The
pattern is similar to the cross section patterns shown
earlier. The association between TFR and birth interval
is weak when all countries are included, but there is an
association for the countries in Sub-Saharan Africa as
shown in the right hand chart in Figure 6. No pattern is
evident when comparing changes in the percentage of
births to mothers below the age of 18 or above the age
of 34 with changes in TFR.
Factors affecting the total fertility rate
The fertility rate is affected by a number of factors
including contraceptive use, the proportion of women
who are sexually active, postpartum infecundability,
sterility and abortion. Here we examine each of these
factors.
Contraceptive use
There is a strong correlation between contraceptive pre-
valence and TFR. For this data set the R2 for a linear
trend is 0.73. The correlation is considerably weaker
Figure 4 Distribution of births by risk factor in Egypt
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(0.60) when contraceptive prevalence is limited to mod-
ern methods only, indicating that traditional methods
do play a role in regulating fertility.
For this analysis we are concerned more with changes
than absolute levels so we also compare changes in contra-
ceptive prevalence with changes in TFR. Figure 7 com-
pares these changes for 44 countries with multiple
surveys, again with one line per country. The pattern of
changes is similar to the cross section comparison. Overall
the average change is a decrease in TFR by one birth per
woman for every increase in contraceptive prevalence of
about 17 percentage points.
Additional factors
Over the course of the fertility transition as TFR drops
from 7-8 to 2 or less, contraceptive prevalence increases
from less than 10% to almost 80% in the cross sectional
analysis. Changes in the other proximate determinants of
fertility are much smaller. The median duration of post-
partum insusceptibility drops from 15 months for surveys
with TFR 6 and above to about 5 months at the lowest
levels of TFR. This change would lead to shorter birth
intervals and higher TFR if it were not associated with
increasing levels of contraceptive use. The mean age at
marriage rises from about 16 at high levels of TFR to
about 20 at lower levels. This change alone would lead to
somewhat lower fertility but the effect is not significant
when the effects of CPR are also included.
Changes in abortion rates can have a significant effect
on TFR. For countries with data the total abortion rate
(TAR, abortions per woman during her lifetime) drops
from 3-4 at low levels of modern contraceptive use to
nearly zero at very high levels (as contraception replaces
Figure 5 Cross sectional correlations between the percentage of births with risk factors and TFR
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abortion for limiting the number of births) but has the
opposite relationship to the prevalence of traditional
methods of family planning (as abortion is used in the
case of method failure) [8]. The proximate determinants
of fertility model estimates that at low levels of contracep-
tive use each abortion averts about 0.4 births (less than
one birth because of the rapid return to fecundity). The
impact can be larger at higher levels of contraceptive use.
Across all 194 surveys there is considerable variation in
risk ratios for child mortality but the data confirm that
these demographic factors are associated with higher risk
of child mortality as shown in Table 2. The figures
shown in this table represent the ratios of the proportion
of births in the last five years that have died in each risk
category to the proportion dead among births not in any
risk category. The median risk ratio is the median value
across all 194 surveys, while the lower and upper quar-
tiles show the spread around the median for these sur-
veys. The highest risk ratio (2.9) occurs for children with
a combination of three risk factors (mother older than
Figure 6 Changes in the percentage of births with risk factors versus TFR in each country
Figure 7 Changes over time in contraceptive prevalence between successive surveys and changes in the total fertility rate in each country
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34, birth interval less than 24 months and birth order
greater than 3). The second highest (2.8) is for children
with short birth intervals and mothers under the age of
18. The highest risk (1.8) for children with a single risk
factor occurs those with a mother under the age of 18.
Some possible categories are excluded if the proportions
of births in those categories are quite small, for example
high birth order births occurring to mothers under the
age of 18.
Discussion
The distribution of high risk births changes dramatically
as countries transition from high fertility to low fertility.
The most striking changes are a reduction in births with
multiple risk factors and those with high parity. This is
a natural part of the transition as average number of
births per woman cannot decline significantly without a
reduction in the proportion of high order births.
Changes in the proportion of births at maternal age 35
and above are also associated with declines in the TFR as
women complete their child bearing at younger ages. There
is little change in the proportion of births to mothers below
the age of 18 as TFR declines. Across all countries there is
not much change in the percentage of births with short
birth intervals either, but this does occur in Sub-Saharan
Africa. That may reflect the greater focus in the region on
birth spacing as a rationale for family planning.
There is a strong correlation between contraceptive pre-
valence and TFR. Thus, as CPR rises TFR falls and the dis-
tribution of births by risk factor changes. CPR is the major
factor associated with changes in TFR. Changes in the pro-
portion married and post partum insusceptibility are much
smaller and less directly associated with TFR changes.
Changes in abortion rates may also affect TFR but the
data are not good enough to determine the exact relation-
ship. One would expect that abortion would reduce the
proportion of births with short intervals and reduce the
number of high parity births but the degree of the effect is
not clear.
It is clear from these data that as contraceptive preva-
lence increases TFR falls and a smaller percentage of
births have one or more of these four risk factors that
are associated with high child mortality. This creates a
potential for reducing child mortality rates. Some of the
reduction comes from modifying the birth interval dis-
tribution or by bringing maternal age at the time of
birth into the ‘safe’ range of 18-35 years, and some
comes from the actual elimination of births that would
have a high mortality risk (high parity births).
This analysis does not explain the mechanisms by
which these risk factors lead to higher mortality rates.
But whatever the mechanisms are it seems evident that
the expansion of the use of family planning is key to
achieving a healthier distribution of births.
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